The genus Piscinibacter as a member of the order Burkholderiales within the class Betaproteobacteria was first proposed by Stackebrandt et al. (2009) in order to reclassify a former species of the genus Methylibium (Methylibium aquaticum) that was reported by Song & Cho (2007) . At the time of writing, the genus Piscinibacter includes only one species with a validly published name, Piscinibacter aquaticus, which was isolated from a eutrophic freshwater pond. The species was described as a Gram-staining-negative, non-motile, short rod-shaped and facultatively aerobic bacterium showing catalase-negative and oxidase-positive reactions, and the cells contained diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine as the major polar lipids and Q-8 as the major isoprenoid quinone (Song & Cho, 2007) . Here, a representative of a novel species belonging to the genus Piscinibacter, designated strain SH-1 T , was isolated from a sewage treatment plant and its taxonomic properties were investigated using a polyphasic approach.
Strain SH-1 T was isolated from an activated sludge sample that was collected from the Tancheon municipal wastewater treatment plant in Seoul, Korea. The sample was serially diluted in PBS buffer (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 , pH 7.2), spread on R2A agar (Difco) and incubated aerobically at 37 C for 3 days. The 16S rRNA genes of colonies grown on R2A agar were PCRamplified using the universal primers F1 and R13, and the representative PCR products based on the fragment patterns generated by HaeIII and HhaI double digestion were sequenced using the F1 primer, as described previously (Lee et al., 2014) . The resulting 16S rRNA gene sequences were compared with those of all type strains of species with validly published names using the Nucleotide Similarity Search program in the EzTaxon-e database (Kim et al., 2012) . From †These authors contributed equally to this work.
the comparative 16S rRNA gene sequence analysis, a representative of a putative novel species belonging to the genus Piscinibacter, designated strain SH-1 T , was selected for further phenotypic and phylogenetic analysis. Strain SH-1 T was routinely cultured aerobically on R2A agar (Difco) at 37 C for 3 days. Strain SH-1 T was stored at À80 C in R2A broth containing 15 % (v/v) glycerol for long-term preservation. P. aquaticus KCCM 42364
T was used as a reference strain for the comparisons of phenotypic properties and fatty acid compositions and DNA-DNA hybridization.
The PCR product of the 16S rRNA gene of strain SH-1 T was cloned into the pCR2.1-TOPO cloning vector (Invitrogen), according to the manufacturer's instructions. The 16S rRNA gene sequence of strain SH-1 T was determined using the M13 reverse and T7 promoter primers of the TOPO cloning kit at Macrogen (Korea), and the resulting 16S rRNA gene sequence (1451 nucleotides) was compared with those of all reported type strains using the Nucleotide Similarity Search program. The 16S rRNA gene sequences of strain SH-1 T and closely related type strains were aligned with the fast secondary-structure aware Infernal aligner available in the Ribosomal Database Project (Nawrocki & Eddy, 2007) . Phylogenetic trees based on the neighbourjoining (NJ; with Kimura's two-parameter) and maximumparsimony (MP) algorithms were reconstructed using the PHYLIP software (version 3.695; Felsenstein, 2002) , and their tree topologies were evaluated through bootstrap analyses based on a 1000-resampled dataset. The maximum-likelihood (ML) analysis with bootstrap values was conducted using RAxML-HPC BlackBox (version 8.2.4) of the CyberInfrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) . DNA-DNA relatedness between strain SH-1 T and the type strain of P. aquaticus was evaluated by DNA-DNA hybridization (DDH) using the DIG High Prime DNA Labelling kit (Roche Applied Science), as described previously (Lee et al., 2011) . The experiments were confirmed by reciprocally interchanging DDH between probe and target DNA.
Comparative analysis based on the 16S rRNA gene sequences revealed that strain SH-1 T was most closely related to P. aquaticus IMCC1728 T (DQ664244) with a 98.3 % sequence similarity. Phylogenetic analysis using the NJ algorithm showed that strain SH-1 T formed a tight phyletic lineage with P. aquaticus IMCC1728 T with a 93 % bootstrap value (Fig. 1) . Phylogenetic trees reconstructed by the ML and MP algorithms also showed that strain SH-1 T and P. aquaticus IMCC1728
T formed a tight phyletic lineage (Fig. 1) . The level of DNA-DNA relatedness between strain SH-1 T and P. aquaticus KCCM 42364 T was 38.0±1.8 %, which was clearly below the 70 % threshold generally accepted for species delineation (Stackebrandt et al., 2002) . These results clearly suggest that strain SH-1 T should represent a novel species of the genus Piscinibacter.
Growth of strain SH-1
T was tested on R2A agar (BD), laboratory-prepared Luria-Bertani (LB) agar, nutrient agar (NA; BD) and tryptic soy agar (TSA; BD) at 37 C for 3 days. Growth of strain SH-1 T and P. aquaticus KCCM 42364
T at different temperatures (4, 10, 15, 20, 25, 30, 37, 40 and 42 C) and pH values (pH 5.0-10.0 at 0.5 pH unit intervals) was evaluated in R2A broth for 3 days. R2A broth media with pH below pH 7.0 and with pH 8.0-10.0 were prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively (Gomori, 1955) . After sterilization (121 C for 15 min), the pH values were checked and adjusted again if necessary. Growth of strain SH-1 T at different NaCl concentrations (0, 0.5, 1, 1.5 and 2.0 %, w/v) was tested in R2A broth prepared in the laboratory according to the BD formula. The following physiological and biochemical tests were conducted using cells grown on R2A agar for 3 days at 37 C. Gram staining was investigated using the bioM erieux Gram stain kit according to the manufacturer's instructions. Oxidase and catalase activities were evaluated according to the standard methods described by Smibert & Krieg (1994) . Cell morphology and the presence of flagella were investigated using phase-contrast microscopy and transmission electron microscopy (JEM-161 1010; JEOL). The following properties of strain SH-1 T and P. aquaticus KCCM 42364 T were tested in parallel under the same conditions, except that their growth temperatures were 37 and 30 C, respectively. Flagella motility was evaluated as described by Bernardet et al. (2002) . Anaerobic growth was assessed on R2A agar under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) for 21 days. Hydrolysis of agar, casein, starch, aesculin, tyrosine, Tween 20 and Tween 80 was investigated on R2A, agar according to the methods described by L anyí (1987) and Smibert & Krieg (1994) . Nitrate reduction was assessed according to the method of L anyí (1987) . Additional enzymic activities, biochemical features and oxidation of carbon sources were evaluated using the API ZYM and API 20NE kits (bioM erieux) and the GN2 MicroPlate system (Biolog), respectively, according to the manufacturers' instructions.
Strain SH-1 T grew well on R2A agar and NA (optimally on R2A agar), but did not grow on LB agar or TSA. Cells of strain SH-1 T were Gram-staining-negative and motile rods (0.7-0.8 µm wide and 1.8-2.1 µm long) with a single polar flagellum (Fig. S1 , available in the online Supplementary Material). The previous study reported that P. aquaticus was facultatively aerobic (Song & Cho, 2007) , but in this study, the anaerobic growth of strain SH-1 T as well as of P. aquaticus was not observed, even after 21 days of incubation. In the GN2 MicroPlate system, strain SH-1 T showed no oxidation of a-cyclodextrin, dextrin, glycogen, acetic acid, a-D-glucose, succinamic acid, g-hydroxybutyric acid, a-ketoglutaric acid and L-asparagine but oxidation of Tween 40 and Tween 80 was positive, while P. aquaticus showed opposite results for the corresponding substrates (Table S1 ). Many phenotypic properties including activities of catalase and oxidase, strictly aerobic growth and hydrolysis of aesculin, starch and tyrosine were in common with those of P. aquaticus, but some other phenotypic properties such as colony colour, flagellum motility, hydrolysis of Tween 80 and enzyme activity of valine arylamidase, a-chymotrypsin, naphthol-AS-BI- phosphohydrolase and urease differentiated strain SH-1 T from P. aquaticus. Physiological and biochemical characteristics of strain SH-1 T are additionally described in the species description and Table S1 and compared with those of P. aquaticus in Table 1 .
The DNA G+C content of strain SH-1 T was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Isoprenoid quinones were extracted according to the method of Minnikin et al. (1984) and were analysed using a model LC-20A HPLC system (Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (250Â64.6 mm, Kromasil; Akzo Nobel), as described by Komagata & Suzuki (1987) . Strain SH-1 T and P. aquaticus KCCM 42364 T were cultivated in R2A broth at their optimal temperatures (37 and 30 C, respectively) and their cellular fatty acids were analysed according to the standard protocol of MIDI. The polyamines of strain SH-1 T were analysed using a HPLC system, as reported by Busse et al. (1997) , and the polar lipids were analysed by a TLC method using cells harvested during the exponential growth phase, according to the procedure described by Minnikin et al. (1977) .
The genomic DNA G+C content of strain SH-1 T was 69.9 mol%, which was a little higher than that described for the genus Piscinibacter. Ubiquinone-8 (Q-8) and 2-hydroxyputrescine, cadaverine and putrescine without spermine were detected as the sole respiratory quinone and the major polyamines of strain SH-1 T , respectively, which were identical to those of P. aquaticus (Song & Cho, 2007) . The major cellular fatty acids (>5 % of the total fatty acids) of strain SH-1 T were summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c, 46.0 %), C 16 : 0 (29.5 %), C 12 : 0 (7.4 %), summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c, 6.6 %) and C 10 : 0 3-OH (5.4 %). The overall fatty acid profiles of strain SH-1 T and P. aquaticus were similar, but the proportions and the presence or absence of some fatty acids distinguished strain SH-1 T from P. aquaticus (Table 2) . Phosphatidylethanolamine was detected as the major polar lipid of strain SH-1 T and diphosphatidylglycerol, phosphatidylglycerol, five unidentified aminolipids, one phospholipid, one aminophospholipid and two unidentified lipids were also observed as the minor polar lipids (Fig. S2) . These results were relatively well in agreement with those for P. aquaticus (Stackebrandt et al., 2009 ). In conclusion, the physiological and chemotaxonomic features and the
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Aquabacterium commune B8 T (AF035054) phylogenetic inference of strain SH-1 T support the proposition that strain SH-1 T represents a novel species of the genus Piscinibacter, for which the name Piscinibacter defluvii sp. nov. is proposed.
Emended description of the genus Piscinibacter Stackebrandt et al. 2009 This description is taken from the genus description given by Stackebrandt et al. (2009) , with the following amendments. The DNA G+C content is between 66.2 and 69.9 mol%. The motility of cells is variable. Grow optimally at 30-37 C. Facultatively or strictly aerobic. Nitrate reduction is variable. C 12 : 0 3-OH fatty acids are present or absent.
Description of Piscinibacter defluvii sp. nov.
Piscinibacter defluvii (de.flu¢vi.i. L. gen. n. defluvii of sewage).
Cells are Gram-staining-negative, strictly aerobic, motile rods with a single polar flagellum (0.7-0.8 µm wide and 1.8-2.1 µm long). Colonies on R2A agar are creamy-white to yellowish, circular and convex with entire margin. Growth occurs at 25-40 C (optimum, 37 C), at pH 6.0-9.5 (optimum, pH 7.0) and in the presence of 0-0.5 % (w/v) NaCl (optimum, 0 %). Oxidase-positive and catalase-negative. Nitrate is reduced to nitrite, but does not produce nitrogen gas. Hydrolysis of Tween 20, Tween 80, aesculin, starch and tyrosine, but not casein or agar. Alkaline phosphatase, esterase (C4), esterase lipase (C18), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase, b-glucosidase and urease activities are positive, but lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are negative. Production of indole is negative. Assimilation of maltose and potassium gluconate are positive, but . All data except for the DNA G+C content of P. aquaticus (Song & Cho, 2007) were obtained in this study. All strains are positive for the following characteristics: strictly aerobic growth, activities of oxidase, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8) and leucine arylamidase, hydrolysis of aesculin, starch, tyrosine and Tween 20. All strains are negative for the following characteristics: indole production, D-glucose fermentation, activities of arginine dihydrolase, lipase (C14), cystine arylamidase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetylglucosaminidase, a-mannosidase and a-fucosidase, hydrolysis of casein and agar, and assimilation of capric acid, adipic acid, trisodium citrate, D-mannose, Dmannitol, N-acetylglucosamine, malic acid and phenylacetatic acid. +, positive; À, negative. Table 2 . Cellular fatty acid contents (percentages) of strain SH-1 T and the type strain of P. aquaticus
Strains: 1, strain SH-1 T ; 2, P. aquaticus KCCM 42364 T . All data were from this study. Data are expressed as percentages of the total fatty acids, and fatty acids amounting to less than 1.0 % in all strains are not shown. Major components (>5.0 %) are highlighted in bold type; TR, trace amount (<0.5 %); -, not detected. assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. The major cellular fatty acids (>5 %) are summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 0 , C 12 : 0 , summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c) and C 10 : 0 3-OH. The sole isoprenoid quinone is Q-8. Phosphatidylethanolamine is the major polar lipid, and diphosphatidylglycerol, phosphatidylglycerol, five unidentified aminolipids, one phospholipid, one aminophospholipid and two unidentified lipids are also detected as the minor polar lipids. The major polyamines are 2-hydroxyputrescine, cadaverine and putrescine.
The type strain is SH-1 T (=KACC 18594 T =JCM 31230 T ), isolated from a sewage treatment plant in South Korea. The DNA G+C content of the type strain is 69.9 mol%.
